The ectoparasitic flagellate Ichthyobodo has been recorded from 25 species of marine fishes and 3 species of anadromous salmon in the Pacific Ocean, Atlantic Ocean, and adjacent seas ranging from the subarctic to tropical zones. With an increasing number of reports on the occurrence of Ichthyobodo in the marine environment, its origin and taxonomic status have been confused. The parasite from marine fishes is morphologically comparable to the freshwater parasite I. necator, which can survive and reproduce on anadromous salmon in seawater. It was assumed that the parasite on marine fish was transmitted from freshwater hosts. However, the marine parasite from Japanese flounder (Paralichthys olivaceus) and I. necator from freshwater chum salmon (Oncorhynchus keta) were differentiated by their host specificity. The parasite has been found on pure marine fishes in offshore waters. Thus, Ichthyobodo on marine fishes may be regarded as a separate species from freshwater I. necator. The parasite infects the skin and gills of host fishes, causing severe epidermal hyperplasia and necrosis. Ichthyobodo infections caused moderate deaths in yearling Japanese flounders and tiger puffer (Takifugu rubripes), while the infections induced high mortalities among larvae of marine fishes such as Japanese flounders, gilthead sea bream (Sparus aurata), and rockfish (Sebastes schlegli). The most effective treatment for Ichthyobodo infections is a formalin bath, but alternative safe control methods should be established by future studies.
The ectoparasitic flagellate Ichthyobodo necator (= Costia necatrix) is known as a serious pathogen for freshwater fishes (Robertson, 1985; Urawa, 1996b) . Recent studies have indicated that Ichthyobodo infects various marine fishes including anadromous salmonids. These findings have confused the origin and taxonomic status of marine Ichthyobodo, mainly because of its morphological similarity to the freshwater species I. necator which can survive in seawater.
Thus it is unclear whether Ichthyobodo on marine fishes is a para site of freshwater origin or a separate marine species. Heavy parasite infections occasionally cause high mor talities among wild and cultured fish in the marine environment, but its impact on fish populations has not yet been fully recognized.
Geographical distribution and host range
Marine Ichthyobodo has a worldwide distribution, like I. necator in fresh water. The parasite has been found in the Pacific Ocean, Atlantic Ocean, and adjacent seas including Australian waters (Table 1 ). The occurrences of the parasite range mainly from the subarctic to sub tropical zones, while Brock et al. (1993) found the para site from Japanese flounder (Paralichthys olivaceus) cultured in Hawaii. These authors suspected that the reservoir for Ichthyobodo infections in juvenile fish in Hawaii was adult Japanese flounder imported from Japan.
Ichthyobodo infections occur on wild and cultured fishes. To date 28 fish species belonging to 14 fami lies (7 orders) have been known to be infected with Ichthyobodo in brackish and sea waters (Table 1) . It is Table 1. A list of aquatic organisms infected with noteworthy that among these hosts 7 species belong to Pleuronectiformes. In addition, Forsythe et al. (1991) found an Ichthyobodo-like organism on octopuses (Oc topus bimaculoides and O. maya) during the laboratory culture in Texas, USA. The source of the parasite in that case was the wild octopus population of the southern California coast.
Morphological comparison
Marine Ichthyobodo is morphologically very similar to I. necator.
Both parasites have a small body with two flagella of unequal length. The shape of parasites alters between the free-swimming and attached forms. In fresh water, the free-swimming form of I. necator is almost round, but the attached form is pyriform. A few morphological changes are apparent in I. necator when transferred from fresh water to seawater . In seawater the parasite loses its spi ral wrinkles on the body surface, and has a narrower width and fewer contractile vacuoles than in fresh water.
These changes may be attributable to the difference in the surrounding osmotic pressure. The attached form of marine Ichthyobodo is similar in morphology to that of I. necator except that it has no wrinkles on the body surface ( Fig. 4) . The free-swimming form is reniform, being similar to that of I. necator in seawater.
No sig nificant differences were found in smear measurements between marine Ichthyobodo and I. necator in seawater (Table 2) .
Observations by transmission electron microscopy (TEM) (Diamant, 1987) showed that Ichthyobodo from wild common dab (Limanda limanda) ultrastructurally resembles I. necator from freshwater fish, as described by Schubert (1966) and Joyon and Lom (1969) . The only distinguishing feature of the marine flagellate is the apparent absence of a contractile vacuole, which is normally present in I. necator. On the other hand, observed morphological dif ferences in the attachment disc and cytostome process between freshwater and marine Ichthyobodo on salmo nids. According to their observations, the cytostome process of the marine parasite on Atlantic salmon is smooth along its entire length, while that of freshwater I. necator has ridge-like projections along its length. They believed that this feature could distinguish marine Ichthyobodo from the freshwater species I. necator. Earlier work by Schubert (1966) and Lom (1966, 1969) , however, indicated that I. necator from freshwater fish possessed a smooth cytostome process.
We have also confirmed that freshwater I. necator on chum salmon has a smooth attachment disc and cytostome process. Ichthyobodo on marine fishes had the same structure (Figs. 6 & 10) . observations on freshwater I. necator may be of abnor mal case. Thus, I. necator and marine Ichthyobodo could not be distinguished by scanning or transmission electron microscopy.
Origin and taxonomy
In the genus Ichthyobodo (Bodonidae), two freshwater species, I. necator and I. pyriformis, have been described, but the latter species is considered as a small form of I. Robertson, 1985) . In the marine environment. I. necator was first recorded from Atlantic salmon (Salmo •salur) smolts reared in seawater net pens is Scotland (Ellis and Wootten, 1978) . The parasite was suspected to have survived on fishes transferred from fresh water. Subsequently, Bullock and Robertson (1982) found a similar parasite on wild plaice (Pleuronectes platessa) captured in the coastal waters of Scotland. Following these findings, the parasite has been recorded from various marine fishes and anadromous salmon ( Table 1) . Despite of an increasmg number of reports on the occurrence of Ichthyobodo in the marine environment, its origin and taxonomic status are confused. The parasite on marine flounders was first considered to have originated from coastal freshwater sources and identified as I. necator (Bullock and Robertson. 1982_; Cone and Wiles, 1984) . Urawa and Kusakari (1990) experimentally confirmed that the freshwater parasite I. necator can survive and multiply on anadromous salmon when the host fish migrate to seawater. The seawater adapted I. necator on salmon can survive when transferred. again to fresh water (Abe,1986 ) . Cone and Wiles (1984) suggested that seawater-reared saltuonids might acquire Ichthyobodo infections from marine fishes. Bruno (1992) noted that a marine species of Ichthyobodo existed and that. farmed Atlantic salmon was susceptible. However, cross transmission experiments indicated that I. necator from chum salmon (Oncorhynchus keta) could not infect Japanese flounder, while marine Ichthyobodo from flounder was not infective to chum salmon ). On the other hand, Ichthyobodo was found on haddock (Melanmogrammus aeglefinus) caught in the Atlantic Ocean, 120km off Nova Scotia (Morrison and Cone, 1986) , and on common dab in the North Sea_ about 30 km off northeast Scotland (Diamant, 1987) far from coastal waters. These facts suggest the existence of a marine species of Ichthyobodo. However, it can not be differentiated from freshwater I necator by morphological observations as mentioned in the previous section. colored slime over the entire dorsal body surface, and erosion around the fins. The parasite was distributed on the dorsal skin and fins of affected juveniles with a mean mtensity of 30,000 parasites per mm2 (Figs. 7 & 8) , but rarely on the gills and ventral surface. The parasites stuck to the host cells by an attachment disc with a cytostome process (Fig. 10) around it (Fig. 9) . The dorsal skin of infected floun der juveniles showed extensive epidermal hyperplasia, vacuolation and spongiosis. These histopathological changes resemble those in freshwater salmonid juveniles (Robertson et al., 1981; Urawa, 199 2a ).
Similar heavy infections were observed in juvenile Japanese flounder cultured in the Seto Inland coast of Yamaguchi Prefecture, Japan (Masumura and Fushimi, 1985) , and Kailua, Kona, Hawaii, USA (Brock et al., 1993) . In Norway, fish mortalities associated with Ichthyobodo infections occurred in cultured fry of Atlantic halibut (Hippoglossus hippoglossus), Atlantic cod (Gadus morhua) and turbot (Scophthalmus maximus) (Rodseth, 1995) . On the western coast of Hokkaido, heavy Ichthyobodo infections annually occur in rock fish (Sebastes schlegli) larvae (12-13 mm in body length, about 20 day old) at a hatchery in June, causing mass mortalities unless treated (Kusakari, personal commu nication) . On the southern Atlantic coast of Spain, cultured gilthead sea bream (Sparus aurata) larvae (17 day old) suffered from high mortalities due to heavy Ichthyobodo infections on the skin (Alvarez-Pellitero et al., 1995) . Thus, marine Ichthyobodo is responsible for high mortalities in various cultured fishes, especially during their early life stages. The freshwater flagellate I. necator has also a high potential to cause mass mortality of anadromous salmon in seawater. An infection experiment has indicated that I. necator infections drastically affect the osmoregula tion of juvenile salmon due to skin destruction and consequently reduce the survival of anadromous salmon when they migrate to seawater (Urawa, 1993 (Urawa, , 1996b . Ellis and Wootten (1978) reported large mortalities that occurred among Atlantic salmon smolts immediately after transfer into seawater net pens. The gills of these smolts were heavily infected with I. necator, showing acute hyperplasia and fusion of secondary lamellae. Several marine fish farms along the west coast of Nor way suffered from a high mortality (mortality rate up to 40%) on Atlantic salmon smolts in summer and autumn due to I. necator (Poppe and Hastein, 1982) .
Control and treatment
There have been many reports on chemotherapy to control protozoan parasites including Ichthyobodo (see Hoffman and Meyer, 1974; Robertson, 1985; Griffin, 1989) . The most effective treatment for Ichthyobodo infections is a formalin bath. Most Ichthyobodo were removed from juvenile Japanese flounder and fish mor tality stopped following an experimental bath treatment with 100 ppm formalin solution for 1 h (Urawa et al., 1991) . A formalin bath (250 ppm for 1 h) controlled I. necator on chum salmon fry reared at a hatchery, and improved the host's seawater survival within one month post-treatment. This treatment test resulted in signifi cant increase of adult chum salmon returns (Urawa, 199 6a, 1996b) .
In Japan, however, the use of formalin solution for parasite control in cultured fish is not per mitted. While standard formalin treatment does not affect the growth and survival of fish (Sumari et al., 1979; Smith et al., 1987) , formalin occasionally causes environmental problems. In addition, there are reports in Scandinavia that a formalin-resistant strain of Ichthyobodo has appeared as a result of regular prophy lactic treatment with the chemical (see Robertson, 1985) . Therefore new methods should be developed to control Ichthyobodo infections. The junior author (NU) has found that hydrogen peroxide (H2O2) bath is effective as a treatment for Ichthyobodo infected tiger puffer.
Skin ulcers associated with Ichthyobodo infections frequently occurred in yearling Japanese flounder reared in tanks without sand on the bottom under starvation, but it rarely occurred in tanks with sufficient sand in which flounders could hide themselves as in natural conditions (Kusakari et al., 1985) . This suggests that stress may induce a disease condition in infected fish. Cone and Wiles (1984) considered that the inten sity of Ichthyobodo infection was probably low in wild winter flounder but increased under crowded tank con ditions and caused disease. It is known that the patho logical potential of I. necator is strongly intensified by unfavorable rearing conditions although the parasite density is not affected by fish density or inflow rate (Urawa, 1995) . Essentially the host fish has the ability to reduce the number of I. necator by PAS-positive mucus secretion (Urawa, 1992a) . Thus, good husbandry promoting this protective ability is primarily important to prevent the occurrence of ichthyobodoosis among cultured fishes.
Conclusions
It is concluded that Ichthyobodo has a high potential to cause large economic losses in marine aquaculture. 
